In this paper, directed complex network is applied to the study of A shares in SSE (Shanghai Stock Exchange). In order to discuss the intrinsic attributes and regularities in stock market, we set up a directed complex network, selecting 450 stocks as nodes between 2012 and 2014 and stock yield correlation connected as edges. By discussing out-degree and in-degree distribution, we find essential nodes in stock network, which represent the leading stock,. Moreover, we analyze directed average path length and clustering coefficient in the condition of different threshold, which shows that the network doesn't have a small-world effect. Furthermore, we see that when threshold is between 0.08 and 0.15, the network follows the power-law distribution and behaves scale-free.
In the past, previous researches about complex network in financial market are basically limited to undirected field. Chen Hua (2012) , who built directed complex network successfully with A share in SSE, selected high frequency data after March, 2011 . In this paper, by investigating daily stock data from 2012 to 2014, we firstly established directed complex network to study the market with the help of MATLAB. Then we mainly discussed structural property of the network, including the out-degree, in-degree, degree distribution, average path length, and clustering coefficient. In particular, we modified the statistic method of Chen about the structural property we mentioned above. Finally, according to related methods of undirected complex network, we judged whether it has scale-free property and small-world effect.
The Construction of Directed Complex Network in Stock Market

Stock Yield Rate
The logarithmic yield of stock a can be calculated by the formula below: 
Stock Correlation Coefficient
The Formula of Correlation Coefficient
Here a and b are two randomly chosen stocks, and t  is the time interval. Since we are going to carry out our analysis based in time interval, we define stock correlation coefficient as: , it means that there is no direction flow between stock a and stock b , therefore there is no directed edge in directed network graph between the two stocks. From the analysis above we can set up a complete directed complex network in stock market.
The Threshold
In normal cases, threshold should be specified. In fact, when the threshold value exceeds the absolute value of www.ccsenet.org/ijef 
The Structural Property of Directed Complex Network in Stock Market
It should be noted that as a complex system, it possesses many structural properties, and therefore, only by using different parameters we can mine the data as much as possible and find the inwardness as well as the law, which can guide us to practice. However, structural properties in directed complex network are different from undirected ones. For undirected complex network and its structural properties, there are a greater number of researches. So in this paper we only focus on directed complex network. Refer to Chen, in what follows we define several indexes to study directed complex network.
Out-Degree and In-Degree
In directed complex network, the out-degree of node a of a graph is the number of edges that start from node a to the other nodes. Similarly, the in-degree of node a of a graph is the number of edges that start from the other nodes to node a .
The Mean Value of Degree
In the following part we define the mean value of out-degree of all nodes as the mean out-degree; similarly, the mean in-degree is the mean value of in-degree of all nodes in the graph.
Interval Degree Distribution
In the study of graphs and networks, the degree k of a node in a network is the number of connections it has with other nodes and the degree distribution is the probability distribution of these degrees over the whole network. Note that there are 450 nodes in our study, and the number of different degrees has reached 225. What's more, the value of each degree is so small that it is not significant enough in statistics. Throughout this paper we divide the degrees into groups and suppose that the interval of every two groups is 10 per unit degree. After that, we will calculate the number, and the probability of every group, and carry out related analysis on the distribution of the nodes, In the following part we will explain it on details.
Average Directed Path Length
Suppose that there are n nodes in the undirected complex network, and the maximum number of undirected edges is   L represents the average directed path length. In other words, L is the mean value of the distance between two randomly chosen nodes, and therefore we can define it as：
L describes the separation degree in complex network. The larger L becomes, the smaller separation degree is. Otherwise, if L is small, it means the separation degree in the network is large.
Directed Accumulation Coefficient
Assume that there are 
Small-World Effect
When a large-scale complex network has small average path length and large aggregation coefficient at the same time, we regard such kind of network possesses small-world effect.
Scale-Free Property
A scale-free network is a network whose degree distribution follows a power law, at least asymptotically. Generally, a testing way whether the network has scale-free property is to compute the degree of the node and take its logarithmic value of the degree as abscissa against the logarithmic value of the probability of the degree as ordinate. We then do regression analysis, and if the data can be fitted to a linear, the network can be regard as a scale-free network.
Empirical Study and Results
Here we consider a practical application-a sample network of Shanghai Stock market. In this section, we selected closing price data of A shares in SSE (Shanghai Stock Exchange), from 1st January, 2012 to 31st December, 2014, to carry out our empirical study. After removing some delisted stocks from original 920 stocks, there are 450 stocks left and 726 data points in each individual stock (the financial data from CSMAR). With the help of MATLAB 2012, we set up a complex network on computer and calculate some available indexes to study the market.
Data Complementation
After the screening of the remaining 450 stocks, there are still some lack of data in 1 to 3 days among some of these stocks. In order to supplement the data, we use a random disturbance term. Specifically, to supplement the missing data is to create a random number between [0, 1], and add it to the closing price the day before. Here we use this algorithm and take Great Wall Automobile (601633) for example: 
The Construction of Directed Network
Intuitively, we draw the image of network(using MATLAB2012). Taking a network of which the threshold is =0.04  , the interval is =1  and =1 t  For example, stock network image is displayed in figure 1 and figure 2(the number of stocks in the network is 40 in figure 1 and 100 in figure 2 respectively). Based on the results and graphs above, we come into a verified conclusion that the directed complex network exists in the stock market of China and the structure of complex network is successfully constructed about Shanghai Stock Exchange.
Structural Characteristics of Directed Complex Network
Distribution of Stock Correlation Coefficient under Different Threshold
In this section, we set different threshold value intervals to do statistics of correlation coefficient matrix. Take interval =1  and =1
t 
for example, Table 2 shows the distribution of the correlation coefficient of 450 stocks under different threshold value intervals. As we can see in table 2, from 2012 to 2014, the correlation coefficients mainly distribute in (-0.1, 0.1) and there are 87.52% in (0, 0.1). It indicates that the correlation between stocks is not prominent enough, and most stocks shows positive correlation, namely, the fluctuation of price of stock a will make the price of stock b fluctuate in the same direction.
Out-Degree and In-Degree Distribution of Stock Nodes
Using MATLAB to calculate the out-degree and in-degree of stock nodes in the situation of threshold θ=0.04, interval τ=1 and Δt=1, we find that the minimum out-degree is 18 stem from MAANSHAN IRON, on the contrary, the maximum is China Minsheng Bank's 371; as for in-degree, Fangda Special Steel Technology enjoys the maximum of 377 and Huaxia Bank is 8 only. We divide the degrees into groups with the interval of every two groups is 10 per unit degree, and then draw probability distribution graphs of out-degree and in-degree respectively as figure 3 and figure 4 below. with the increase of the number of stocks, the degree firstly increases and then decreases. We can also find that at about 128, the average value of degree, the probability reaches a maximal level.
The following tables give out the top 10 stocks which enjoy largest degree(in-degree and out-degree are separated)and their industries involved as well. When the threshold is constant, a stock with rising value of out-degree makes a positive influence to other nodes; on the other hand, a stock with rising value of in-degree means it will receive more infection from other nodes. Based on the statement mentioned before, we can draw a conclusion that the leading stocks are those whose price fluctuation can influence more stocks. By examining and analyzing, we see that SAIC Motor is the leader of automobile stocks; and Guangdong Radio and TV Network Shares, Building Industry Share, Zhongnan Media are the leading stocks of its industries as well.
Small-World Effect
At time interval τ=1 and Δt=1, we calculate the value of average directed path length and accumulation coefficient at different threshold by using MATLAB. Table 5 below shows the results. According to the statistic data from paper, the average directed path length is considered to be small when it is less than 1.5; when the accumulation coefficient exceed 0.8, we regard it large. If the two indexes meet the above condition, the network shall enjoy small-world effect. Besides, the number of edges in directed complex network is possibly twice as many as that of the undirected complex network. Therefore, with networks of the same size, the path length and accumulation coefficient value of undirected network are twice as many as directed network.
In our paper, we specified the average directed path length as relatively small when its value is less than 0.75; the accumulation coefficient as relative large when its value exceeds 0.4, and in this case, the network has small-world effect. Base on the data in Table 5 , the value of average directed path length is larger than 0.75. Additionally, the accumulation coefficient will fall below 0.4 when the threshold exceeds 0.04. Finally, we can infer from the comparison that such kind of network doesn't enjoy the small-world effect.
Scale-Free Property
Under different threshold, the network of scale-free characteristics appeared inconsistent state. When the threshold is too small, there are so many edges that otherness among nodes isn't obvious enough. In this case, the network doesn't have scale-free property. On the contrary, if the threshold is too large, the otherness isn't obvious enough as well. The following page enumerates three examples as θ=0. 04, θ=0.1, θ=0. 2 to represent three different situations(threshold too small, moderate, and too large)at time interval τ=1, Δt=1, in which we apply the regression analysis method in dual-logarithm coordinates system with MATLAB to get the results .
For θ=0.1, the regression result of out-degree is in Figure 5 , with the linear equation We draw degree distribution graph (take out-degree as an example because the difference between out-degree and in-degree is not so obvious) for θ=0.04, θ=0.2, respectively, as Figure 7 below. We can easily find that the function law of out-degree distribution isn't obvious. Figure 7 . Distribution of out-degree in dual-logarithm coordinates system for threshold θ=0.2, θ=0.04 Table 6 . With the increase in the number of stocks, namely, the number of nodes, the average path length decreases gradually. Take the logarithm of number of stcoks as independent variables and average path length as dependent variables to do a quadratic regression. We get a result dramatically, in which the linear equation is 
Conclusions
Our page set up a directed complex network with data of A stocks in SSE from 2012 to 2014 (data derived from CSMAR). After analyzing the intrinsic attributes and regulations in the financial market, some conclusions are enumerated as follows:
(1) During the period we study, the values of correlation coefficient mostly distribute in (-0.1, 0.1). Furthermore, there are 87.52% of them distributing in (0, 0.1). It indicates that the correlation between stocks is not prominent enough.
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International Journal of Economics and Finance Vol. 8, No. 2; 2016 (2) According to degree distribution, one can find out the leading stocks in financial market intuitively.
(3) The model shows scare-free property in both out-degree and in-degree when the threshold is in [0.08, 0.15] . Additionally, the out-degree follows power-law distribution with the power exponent 1.2022, and the in-degree follows power-law distribution with the power exponent 1.2161, with threshold θ=0.04. . As the increase in the number of nodes, the average path length decreases gradually.
